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© Method and system for Inspection of electroconductive film using eddy current and process and 
system for production of optical fibers using method and system. 


© A method and system for accurately inspecting an electroconductive film using an eddy current and a 
process and apparatus for production of an optical fiber which measures on-line the electrical resistance, which 
shows the state of formation of the electroconductive hermetic coating of the optical fiber by the electroconduc- 
tive film inspection method and reflects back the measurement results to the hermetic coating forming 
conditions are disclosed. Optical fiber is made up of a core, cladding, amorphous carbon film or other 
electroconductive hermetic coating formed on the outer surface of the cladding, and a protective coating. The 
3 electrical resistance of the hermetic coating generates an eddy current at the coating, the eddy current 
generated is detected, and the phase angle of the complex impedance is detected to enable calculation. In 
J particular, to accurately detect the phase angle, the high frequency current for generating the eddy current is 
^» changes by a low frequency of about 1/1 00th of the high frequency to change the average intensity and obtain 
at least two points of measurement defining the above phase angle. The electrical resistance of the hermetic 
2) coating is calculated from this phase angle. The electrical resistance shows the state of formation of the 
^ hermetic coating. The measurement value of the electrical resistance of the hermetic coating is used for setting 
the hermetic coating production conditions. The electroconductive film inspection method of the present 
invention may also be used for quality control etc. of thin films. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

5 The present invention relates to a method and system (apparatus) for inspection of electroconductive 
film which uses an eddy current to inspect electroconductive hermetic coating formed on the outer surface 
of the cladding of optical fiber, magnetic film, and other electroconductive film on-line by a nondestructive 
system and a process and system for production of a hermetically coated optical fiber using the 
electroconductive film inspection method. 

10 

2. Description of the Related Art 

In general, an optical fiber Is comprised of an optical fiber line made of a core spun from a quartz 
optical fiber preform and a cladding on whose surface there is provided a protective plastic coating. 

75 In such an optical fiber with a plastic coating, the invasion of hydrogen or moisture in the atmosphere 
into the core causes an increase in the signal transmission loss of the core along with the passage of time. 

To eliminate this defect of optical fibers, there has been proposed a hermetically coated optical fiber 
with the surface of the optical fiber line comprised of the core and cladding, that is, the outer surface of the 
cladding, having a hermetic coating comprised of an inorganic substance, such as amorphous carbon, 

20 formed on it to prevent penetration of atoms of hydrogen or moisture to the core portion. 

A hermetically coated optical fiber of this structure has the effect of preventing penetration and Invasion 
of hydrogen and moisture to the core portion of the optical fiber line, due to the feature of having the above- 
mentioned hermetic coating, and will not suffer from an increase in the optical signal transmission loss over 
long periods of time and further will mechanically protect the outer surface of the optical fiber and increase 

25 the mechanical strength of the optical fiber. 

In such a hermetically coated optical fiber, the stability of the state of formation of the hermetic coating 
in the longitudinal direction of the optical fiber is important. If there is a variation in the quality or the 
thickness at even one location, atoms of hydrogen and moisture will invade the core portion from there and 
invite an increase in the signal transmission loss. Therefore, it is necessary to ensure that the hermetic 

30 coating is provided uniformly over the entire length of the optical fiber. 

An amorphous carbon hermetic coating usually has a thickness of 500 to 1000A and is a conductor 
having an electrical resistance of several to several tens of kilohms/cm. Therefore, as the method for 
evaluating the state of formation of the hermetic coating, it is effective to measure the electrical resistance. 
As a conventionally known method for evaluating the state of formation of a hermetic coating, there is 

35 known the method of removing the plastic coating formed on the outer surface of the optical fiber and 
measuring off-line the electrical resistance of the peeled off hermetic coating using a tester. This electrical 
resistance measurement method, however, inspects a portion of the optical fiber and therefore has the 
problem that it cannot inspect the state of formation of the hermetic coating continuously over the entire 
length in the longitudinal direction of the optical fiber. Further, the above-mentioned electrical resistance 

40 measurement method removes the plastic coating, so the optical fiber at the position examined is wasted 
and thus it is further impossible to inspect the entire optical fiber. Further, the conventional electrical 
resistance measurement method had the problem of a low efficiency of measurement work due to it being 
performed manually. 

It would be desirable to feed back the results of measurement of the electrical resistance to the 
45 production conditions in the process of formation of the hermetic coating and to prevent in advance the 
formation of defective hermetic coatings. In the above-mentioned electrical resistance inspection method, 
however, it is impossible to feed back the results of the inspection on-line to the production conditions and 
therefore it Is impossible to achieve the above-mentioned object. 

As another conventional method, consideration has been given to a contact type electrical resistance 
so measurement system wherein an electrical resistance measurement probe is brought into direct contact 
with the hermetic coating before the application of the plastic coating, but if a probe etc. is brought into 
direct contact with the hermetic coating, it sometimes causes scratches on the hermetic coating and a 
reduction of strength of the optical fiber, so this method cannot be used. 

Therefore, It is necessary to measure the electrical resistance of the hermetic coating in a noncontact 
55 state after the application of the plastic coating. As one method for this, it has been attempted to measure 
the electrical resistance of the hermetic coating using the eddy current inspection method. 

The eddy current inspection method is based on the principle of measuring the electrical resistance of 
the hermetic coating using the fact that when a conductor is placed in an alternating magnetic field, an eddy 
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current flows in the conductor in a direction to cancel out the magnetic field and the magnitude and 
distribution of the eddy current change according to the shape of the conductor, the conductivity, the 
magnetic permeability, the internal defects, etc. That is. the eddy current inspection method is a method for 
determining the state of the inspected object, that is, the conductor, by using the fact that the magnetic field 

5 generated by an eddy current changes the impedance of a detection coil by mutual induction and detecting 
the changes in impedance as changes in the voltage and phase. 

The conventional eddy current inspection method, however, is aimed at measuring the position and size 
of the defects of the inspected object and is a method which separates sharp changes in the output signal 
from noise by differentiating the signals, so cannot be applied to the present invention. 

to Further, there is already known the method for measuring the electrical resistance of a conductor from 
its eddy current by applying to an inspection coil an AC current of a plurality of superposed frequencies, 
but in this case signals of frequencies sensitive to defects and signals of frequencies not sensitive to them 
are processed to cancel out the effects of noise and discriminate the shapes of defects. 

When measuring the electrical resistance for evaluating the state of formation of the hermetic coating of 

75 an optical fiber, as aimed at in the present invention, the object is to detect sharp changes in the electrical 
resistance of the hermetic coating, of course, and also continuous changes of the optical fiber in the 
longitudinal direction and stability is sought in the measurement apparatus. When an extremely highly 
sensitive measurement precision is demanded, however, in this way. in the prior art method the zero point 
of the output unavoidably drifts due to temperature. Even if the relative interval between the inspected 

20 object and the detection coil changes only slightly, the output value ends up changing and the problem 
arises of an inability to measure the object accurately. 

Figure 1 shows this situation. In the figure, the horizontal axis (Z axis) shows the value of the real 
number portion of the complex impedance, while the vertical axis (Y axis) shows the imaginary number 
portion of the complex impedance. The phase angle shows the electrical resistance, but as shown in Fig. 1, 

25 when the measurement results fluctuate, it is impossible to accurately calculate the electrical resistance. 

SUMMARY OF THE INVENTION 

The object of the present invention is to provide an electroconductive film inspection method which can 
30 accurately measure the electrical resistance of a hermetic coating or other electroconductive film by a 
nondestructive system and an electroconductive film inspection system using this electroconductive film 
inspection method. 

Another object of the present invention is to provide an electroconductive film inspection method which 
can measure continuously and on-line the electrical resistance of an electroconductive film and a system 
35 m using that inspection method. 

Still another object of the present Invention is to provide an electroconductive film production process 
which produces an electroconductive film continuously with a high quality by using the above-mentioned 
electroconductive film inspection method to evaluate the state of formation of a hermetic coating or other 
electroconductive film and feeding back the results of the evaluation to the electroconductive film forming 
40 process. 

According to a first aspect of the present invention, there is provided an electroconductive film 
inspection method comprising a step of changing an average intensity of a magnetic field of a frequency 
sufficiently high to generate an eddy current at an electroconductive film being inspected by a frequency 
sufficiently lower than the high frequency of the high frequency magnetic field and applying the high 

45 frequency magnetic field from near the electroconductive film to the electroconductive film to generate an 
eddy current at the electroconductive film; a step of detecting the eddy current generated at the 
electroconductive film; and a step of calculating an electrical resistance of the electroconductive film 
corresponding to a phase angle of a complex impedance vector based on the detected eddy current and 
there is provided an electroconductive film inspection system provided with an eddy current generation and 

50 detection sensor arranged near an electroconductive film to be inspected; a high frequency power source 
which generates a high frequency current of a frequency sufficiently high for generating an eddy current at 
the electroconductive film and which applies it to the eddy current generation and detection sensor; an 
average intensity changing means which applies the high frequency current from the high frequency power 
source to the eddy current generation and detection sensor while changing the average intensity thereof by 

55 a frequency sufficiently lower than the frequency of the high frequency current; and a means for calculating 
the electrical resistance of the electroconductive film from the eddy current detected by the eddy current 
generation and detection sensor. 

According to a second aspect of the present invention, there is provided a production process for an 
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optical fiber having a step of forming an optical fiber line having a core and a cladding; a step of forming an 
electroconductive hermetic coating on the surface of the cladding; a step of changing the average intensity 
of the high frequency magnetic field of a frequency sufficiently high for generating an eddy current close to 
the hermetic coating by a frequency sufficiently lower than the frequency of the high frequency magnetic 

5 field and of applying the changed magnetic field from near the hermetic coating to the hermetic coating; a 
step of detecting the eddy current generated at the hermetic coating; a step of calculating the electrical 
resistance of the hermetic coating corresponding to a phase angle of a complex impedance vector from the 
detected eddy current; and a step of adjusting the hermetic coating forming conditions at the hermetic 
coating forming step based on the calculated electrical resistance and there is provided a production 

to system for an optical fiber having a drawing furnace for drawing an optical fiber material and forming an 
optical fiber line having a core and a cladding; a reaction furnace which is arranged after the drawing 
furnace, has introduced in it a hermetic coating forming material gas and the drawn optical fiber line, has a 
thermal decomposition reaction which precipitates the material gas on the surface of the cladding of the 
introduced optical fiber line, and thus forms an electroconductive hermetic coating; an eddy current 

75 generation and detection sensor arranged near the hermetic coating; a high frequency power source for 
generating a current which Is applied to the eddy current generation and detection sensor and is of a 
frequency sufficiently high for generating an eddy current at the hermetic coating; an average intensity 
changing means for applying the high frequency current from the high frequency power source to the eddy 
current generation and detection sensor while changing the average intensity by a frequency sufficiently 

20 lower than the frequency of the high frequency current; a means for calculating the electrical resistance of 
the hermetic coating from the eddy current detected by the eddy current generation and detection sensor; 
and a control means for adjusting the hermetic coating forming conditions based on the electrical resistance 
from the electrical resistance calculating means. 

According to a third aspect of the present invention, there is provided a method for adjustment of 

25 conditions for forming a hermetic coating of an optical fiber in a process for production of an optical fiber by 
forming an optical fiber line having a core and a cladding and forming an electroconductive hermetic 
coating on the surface of the cladding, the method having a step of changing the average intensity of a high 
frequency magnetic field of a frequency sufficiently high for generating an eddy current close to the 
hermetic coating by a frequency sufficiently lower than the frequency of the high frequency magnetic field 

30 and of applying the changed magnetic field from near the hermetic coating to the hermetic coating; a step 
of detecting the eddy current generated at the hermetic coating; a step of calculating the electrical 
resistance of the hermetic coating corresponding to a phase angle of a complex impedance vector from the 
detected eddy current; and a step of adjusting the hermetic coating forming conditions at the hermetic 
coating forming step based on the calculated electrical resistance and there is provided a system for 

35 adjustment of conditions for forming a hermetic coating of, an optical fiber in a system for production of an 
optical fiber by drawing an optical fiber material and forming an optical fiber line having a core and a 
cladding and forming an electroconductive eddy current on the surface of the cladding of the optical fiber 
line, the system having an eddy current generation and detection sensor arranged near the hermetic 
coating; a high frequency power source for generating a current which is applied to the eddy current 

40 generation and detection sensor and Is of a frequency sufficiently high for generating an eddy current at the 
hermetic coating; an average intensity changing means for applying the high frequency current from the 
high frequency power source to the eddy current generation and detection sensor while changing the 
average intensity by a frequency sufficiently lower than the frequency of the high frequency current; a 
means for calculating the electrical resistance of the hermetic coating from the eddy current detected by 

45 the eddy current generation and detection sensor; and a control means for adjusting the hermetic coating 
forming conditions based on the electrical resistance from the electrical resistance calculating means. 

According to a fourth aspect of the present invention, there is provided an electroconductive film 
inspection method and system which inspect two-dimensionally an electroconductive film which is spread 
over a plane and evaluates the state of its formation. The principle of the inspection method is based on the 

so above electroconductive film inspection method. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above-mentioned object and features of the present invention and other objects and features will 
55 become clearer by the detailed disclosure of the invention given in relation to the following appended 
drawings, in which: 

Fig. 1 is a view showing the locus of complex impedance obtained by a conventional eddy current 
inspection method; 
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Fig. 2 is a constitutional view of a hermetic coating electrical resistance measurement system as a first 
embodiment of the eiectroconductive film inspection method of the present invention and an electrocon- 
ductive film inspection system using the same; 

Fig. 3 is a sectional view of an eddy current generation and inspection sensor shown in Fig. 2; 
5 Fig. 4 is a sectional view of a hermetically coated optical fiber shown in Fig. 2; 

Rg. 5 is a characteristic graph showing the amplitude characteristic of a complex impedance measured 
in the hermetic coating electrical resistance measurement system of Rg. 2; 

Rg. 6 is a characteristic graph showing the phase characteristic of the complex impedance measured in 
the eiectroconductive film inspection system of Rg. 2; 
10 Rg. 7 is. a constitutional view of a hermetic coating electrical resistance measurement system as a 
second embodiment of the eiectroconductive film inspection method of the present invention and an 
eiectroconductive film inspection system using the same; 

Rg. 8 is a constitutional view of a hermetic coating electrical resistance measurement system as a third 
embodiment of the eiectroconductive film inspection method of the present invention and an electrocon- 
is ductive film inspection system working the same; 

Rg. 9 is a characteristic graph showing the phase characteristic of the complex impedance .measured in 
the eiectroconductive film inspection system of Rg. 8; 

Rg. 10 Is a constitutional view of a hermetic coating electrical resistance measurement system as a 

fourth embodiment of the eiectroconductive film inspection method of the present invention and an 
20 eiectroconductive film inspection system using the same; 

Rg. 11 is a waveform diagram of a current applied to an eddy current generation and detection coil in 

the hermetic coating electrical resistance inspection system shown in Fig. 10; 

Rg. 12 is a constitutional view of the power supply circuit for generating the current shown in Rg. 11; 

Rg. 13 is a characteristic graph showing the amplitude characteristic of the complex impedance 
25 measured by the eiectroconductive film inspection apparatus of Rg. 10 in the case of generating an 

eddy current at the hermetic coating using the current shown in Rg. 1 1; 

Rg. 14 is a characteristic graph showing the phase characteristic of the complex impedance measured 

by the eiectroconductive film inspection apparatus of Rg. 10 in the case of generating an eddy current at 

the hermetic coating using the current shown in Rg. 1 1 ; 
30 Fig. 15 is a waveform diagram of a current of another mode applied to an eddy current generation and 

detection coil in the eiectroconductive film inspection apparatus shown in Rg. 10; 

Rg. 16 is a constitutional view of the power supply circuit for generating the current shown in Rg. 15; 

Rg. 17 is a characteristic graph showing the amplitude characteristic of the complex impedance 

measured by the eiectroconductive film inspection apparatus of Rg. 10 in the case of generation of an 
35 eddy current at the hermetic coating using the current shown in Rg. 15; 

Rg. 18 is a characteristic graph showing changes in the electrical resistance of the hermetic coating 

under the same formation conditions as at the step of formation of the hermetic coating; 

Rg 19 is a constitutional view of an optical fiber production system as a first embodiment of the 

eiectroconductive film production process using the eiectroconductive film inspection method of the 
40 present invention and the eiectroconductive film production system using the same; 

Rg. 20 is a characteristic graph showing changes over time of the electrical resistance of a hermetic 

coating produced in the optical fiber production system shown in Rg. 19; 

Rg. 21 is a constitutional view of an optical fiber production system as a second embodiment of the 
eiectroconductive film production process using the eiectroconductive film Inspection method of the 
45 present invention and an eiectroconductive film production system using the same; 

Rgs. 22(A) to (C) are characteristic graphs showing the conditions for forming a hermetic coating in the 
optical fiber production system of Fig. 21; 

Rg. 23 is a partial constitutional view of an optical fiber production system as a third embodiment of the 
eiectroconductive film production system of the present invention; 
50 Rg. 24 is a constitutional view of an embodiment of the formation state inspection system of an 
eiectroconductive film of the present invention; 

Rg. 25 is a view showing the locus formed by the eddy current generation and inspection sensor's 
scanning of the active layer formed on a wafer inspected in Rg. 24; and 

Rg. 26 to Rg. 28 are graphs of the active layer obtained by the formation state inspection system of the 
55 eiectroconductive film of Rg. 24. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
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Figure 2 shows the constitution of a hermetic coating electrical resistance measurement system for 
measuring continuously and without contact the electrical resistance of a hermetic coating of a hermetically 
coated optical fiber using an eddy current, as a first embodiment of the electroconductive film inspection 
method and electroconductive film inspection system of the present invention. 

5 The hermetic coating electrical resistance measurement system has first and second guide rollers 2 
and 3 which run and guide a hermetically coated optical fiber 1, stands 5 and 6 which rotatably support the 
guide rollers 2 and 3, and a frame 4 which supports the stands 5 and 6. The second guide roller 3 is 
provided with a vibrator 7, which can vibrate the hermetically coated optical fiber 1 up and down while it is 
running. Near the running hermetically coated optical fiber 1 is disposed a probe type eddy current 

10 generation and Inspection sensor 8. 

The eddy current generation and inspection sensor 8, as shown enlarged in Fig. 3, is comprised of a 
magnetic core 81 at the outer periphery of which is laid the coil 82 in a coaxial state, all of which is molded 
to an integral body by a resin 83. This eddy current generation and inspection sensor 8 generates an eddy 
current near the hermetic coating 1c and detects the eddy current generated. The dimensions of the eddy 

is current generation and inspection sensor 8 used in this embodiment are shown in Table 1 . 


Table 1 

Inside diameter of coil 82 1.6 mm 

Wire diameter of coil 82 0.05 mm 

Number of turns of coil 82 100 to 150 

Length of coil 82 8 to 10 mm 


20 


25 


The hermetic coating electrical resistance measurement system further has an inspection apparatus 13 
and a recorder 14. The inspection apparatus 13 has a power source which generates a high frequency 

30 current for generating the eddy current to the inspection apparatus 13 through the eddy current generation 
and inspection sensor 8 and has an processing unit, for example, a microcomputer, which calculates the 
electrical resistance of the hermetic coating 1c from the detected eddy current The inspection apparatus 13 
is connected through a cord 12 to the eddy current generation and inspection sensor 8. Further, the 
inspection apparatus 13 causes the vibrator 7 to vibrate at a predetermined frequency to vibrate the 

35 hermetically coated optical fiber 1 up and down. The frequency U of the high frequency current for 
generating the eddy current which is applied to the eddy current generation and inspection sensor 8 in this 
embodiment and the vibration frequency of the vibrator 7 are shown in Table 2. 

40 Table 2 

Frequency f x of eddy current 
generation current! 1 to 3 MHz 

Vibration frequency of vibrator 7 150 Hz 

A sectional view of the hermetically coated optical fiber 1 covered by the measurement Is given in Fig. 
4. This hermetically coated optical fiber 1 Is an integrally molded optical fiber and comprises an optical fiber 
line made of a core of a diameter of 10 microns and a cladding 1b of an outer diameter of 125 microns, a 
so hermetic coating 1c of a thickness of 500 to 1000A formed on the outer surface of the cladding 1b, and a 
protective plastic coating 1d. The electrical resistance of the hermetic coating 1c is several kilohms to 10 
odd kilohms. 

The vibrator 7 is driven by a signal from the inspection apparatus 13 to forcibly vibrate the hermetically 
coated optical fiber 1 in a direction perpendicular to the direction of running of the hermetically coated 
65 optical fiber 1. By this, the hermetically coated optical fiber 1 and the eddy current generation and 
inspection sensor 8 approach and move apart from each other by the above vibration frequency. 

When the hermetically coated optical fiber 1 is moved apart from the eddy current generation and 
inspection sensor 8, the complex impedance of the coil 82 becomes zero and when it is moved close, the 
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complex impedance increases. The results of detection of the coil 82 are input by the inspection apparatus 
13 and recorded in the recorder 14. 

Rgure 5 shows the results of the plotting of the changes in the complex impedance by the recorder 14. 
The horizontal axis shows the real complex impedance, while the vertical axis shows the imaginary number. 

5 If the electrical resistance of the hermetic coating 1c is constant, then the phase angle 0 is constant and the 
scope of change of the complex impedance vector changes in proportion to the magnitude of the vibration 
of the hermetically coated optical fiber 1. On the other hand, the phases 01 to 03 of the complex impedance 
changes, as shown in Fig. 6, according to the magnitude of the electrical resistance of the hermetic coating 
1c. Therefore, if the phases 0 are found, then it is possible to measure the electrical resistance of the 

w hermetic coating 1c. The inspection apparatus 13 calculates the electrical resistance of the hermetic coating 
1c from the measured phase angle 0. 

When the complex impedance vector fails to pass through the origin 0 position of the X-Y coordinates 
due to temperature drift, the X-Y coordinates are moved through the microcomputer of the inspection 
apparatus 13 so as to enable the complex impedance vector to pass through the origin 0. 

J5 Rgure 7 is a constitutional view of a hermetic coating electrical resistance measurement system as a 
second embodiment of the electroconductive film inspection method and electroconductive film inspection 
system of the present invention. This embodiment is one wherein the hermetically coated optical fiber 1 is 
made to pass through a hollow core type eddy current generation and inspection sensor 8A. 

The constituent elements of the hermetic coating electrical resistance measurement system of Rg. 7 

20 corresponding to the constituent elements of the hermetic coating electrical resistance measurement 
system of Rg. 2 are given the same reference numerals. The hollow core type eddy current generation and 
inspection sensor 8A has the outer periphery of the coil 82 molded integrally with a plastic 83 and is 
provided with a through hole 84 inside. The hollow core type eddy current generation and inspection sensor 
8A is arranged horizontally and has a hermetically coated optical fiber 1 passed through its through hole 84. 

25 In the second embodiment too. it is possible to measure the electrical resistance of the hermetic 
coating 1c in the hermetically coated optical fiber 1 in the same way as in the first embodiment. 

Rgure 8 is a constitutional view of a hermetic coating electrical resistance measurement system as a 
third embodiment of the electroconductive film inspection method and electroconductive film inspection 
system of the present invention. The embodiment is one in which the eddy current generation and 

30 inspection sensor 8 is made to vibrate with respect to the hermetically coated optical fiber 1. This eddy 
current generation and inspection sensor 8 is constituted in the same way as the eddy current generation 
and inspection sensor 8 shown in Rg. 3. 

The constituent elements of the hermetic coating electrical resistance measurement system of Rg. 8 
corresponding to the constituent elements of the hermetic coating electrical resistance measurement 

35 system of Rg. 2 are given the same reference numerals. The eddy current generation and inspection 
sensor 8A1 is mounted to a vibrator 7A, which vibrator 7A is vibrated by the inspection apparatus 13A. As a 
result, reverse to the hermetic coating electrical resistance measurement system shown in Rg. 2, the eddy 
current generation and inspection sensor 8A1 vibrates up and down with respect to the hermetically coated 
optical fiber 1. The relationship of approach and distancing of the hermetically coated optical fiber 1 and the 

40 eddy current generation and inspection sensor 8A1, however, is the same as the case in the hermetic 
coating electrical resistance measurement system of Rg. 2. Therefore, even in the third embodiment, it is 
possible to calculate the electrical resistance of the hermetic coating 1c from the phase angle $ of the 
complex impedance in the same way as above in the inspection apparatus 13A. 

The constituent conditions for the coil 82 in the eddy current generation and inspection sensor 8A1 in 

45 the third embodiment are shown in Table 3. 


50 


55 


Table 3 

Inside diameter of coil 82 1.6 mm 

Linear diameter of coil 82 0.05 mm 

Number of turns of coil 82 180 

Length of coil 82 10 mm 


The frequency fi of the high frequency current for the generation of the eddy current applied to the coil 
82 and the vibration frequency of the vibrator 7A are shown in Table 4. 
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70 


15 


20 


25 


Table 4 

Frequency £1 of high frequency 

current for generation of eddy 

current 2 MHz 

Vibration frequency of vibrator 7 A 60 to 100 Hz 

The results of measurement of the phase angles 0 a to 0 d shown in Fig. 9, measured as a result of 
experiments using hermetically coated optical fibers 1 coated with an amorphous carbon hermetic coating 
1c as the samples a, b, c, and d and using the resistances per cm shown in the following Table 5 are 
shown in the following Table 5. 

Table 5 

Sample Resistance fkilohms/cml Phase pnqje 
a 4.6 6 4 » 21 degrees 

b 7.0 8 b * 19 degrees 

c 9,3 9 C - 13 degrees 

d 18.5 8 d = 6 degrees 


Note that the thickness of the hermetic coating 1c of the sample a with a small resistance is large while 
the thickness of the hermetic coating 1c of the sample d with the large resistance is small. The inspection 
apparatus 13A calculates the electrical resistance of the hermetic coating 1c from the above-mentioned 

30 measured phase angles 0. 

In the above embodiment, the explanation was made of an example of measurement of the electrical 
resistance of the hermetic coating 1c in the state with the hermetically coated optical fiber 1 running with 
respect to the eddy current generation and inspection sensor 8, but the eddy current generation and 
inspection sensor 8 may also be moved with respect to the hermetically coated optical fiber 1. Further, the 

35 same measurement as above may be performed with the eddy current generation and inspection sensor 8 
and the hermetically coated optical fiber 1 in the stationary state. 

Further, the eiectroconductive film inspection method and electroconductive film inspection system of 
the present invention are not limited to linear bodies such as hermetically coated optical fibers, but may be 
applied to plate shaped bodies as well and may also be applied to the inspection of other electroconductive 

40 films whose resistance can be measured using an eddy current, for example, a magnetic film. 

Figure 10 is a constituent view of a hermetic coating electrical resistance measurement system as a 
fourth embodiment of the electroconductive film inspection system using the eiectroconductive film 
inspection method of the present invention. Constituent elements in Fig. 10 the same as the constituent 
elements in Fig. 2 are given the same reference numerals. 

45 The hermetic coating electrical resistance measurement system of Fig. 10 is not provided with the 
vibrator 7 shown in Fig. 2. The constitution and the functions of the inspection apparatus 13B differ from 
those of the inspection apparatus 13 of Fig. 2. 

The hermetic coating electrical resistance measurement system does not change the distance between 
the above-mentioned hermetically coated optical fiber 1 and the eddy current generation and inspection 

so sensor 8 by physical vibration, but changes the eddy current generated at the hermetic coating electrically 
by applying the high frequency current turning on and off as shown in Rg. 11 to the eddy current 
generation and inspection coil 8. 

The inspection apparatus 13B has a power source which suppties to the inspection coil 82 of the eddy 
current generation and inspection sensor 8 an AC current of a high frequency fi sufficient for generating an 

55 eddy current in the hermetic coating 1c in the optical fiber 1. Alternatively, the Inspection apparatus 13B 
has an addition circuit which is connected to a high frequency current generating power source and further 
adds to (superposes on) the high frequency current from the high frequency current generating power, 
source an AC current having a low frequency, preferably as mentioned later a low frequency h of less than 
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20 


25 


1 100th of the high frequency U and of an amplitude larger than the amplitude of the high frequency AC 
current 

In the hermetic coating electrical resistance measurement system of the present invention, the 
explanation will be made of the case of using the eddy current generation and inspection sensor 8 shown in 
Fig. 3 for measurement of the electrical resistance of the hermetic coating 1c of the hermetically coated 
optical fiber 1 shown in Fig. 4. The conditions of the coil 82 of the eddy current generation and inspection 
sensor 8 are shown in Table 6 and the current conditions applied to the coil 82 and running speed of the 
hermetically coated optical fiber 1 are shown in Table 7. 


Table 6 

Inside diameter of coil 82 1.6 mm 

Linear diameter of coil 82 0.05 mm 

is Number of turns of coil 82 150 

Length of coil 82 10 mm 

Table 7 
Frequency f x of detection 
use high frequency current 
flowing to coil 82 2 MHz 

Frequency f 2 turning on and 
off for changing average 
intensity of detection use current 200 Hz 

Running speed of optical fiber 
30 (linear speed) 600 m/min 


In this embodiment, the average intensity of the detection use current, as shown in Fig. 11, is a 
frequency f 2 = 200 Hz sufficiently lower than the high frequency current frequency fi = 2 MHz and turned 
as intermittently on and off. The frequency of the current of the on timing is a high frequency fi , but the 
amplitude A1 is sufficiently smaller than the amplitude D1 when turned on and off. 

This turning on and off is for detecting the eddy current at the on time and the eddy current at the off 
time and enabling accurate measurement of the phase angle of the complex impedance vector defined by 
these two points. 

40 The amplitude A1 of the high frequency current In Fig. 1 1 may be an amplitude sufficient for generating 
an eddy current at the hermetic coating 1c, but in this embodiment the amplitude A1 is an effective value of 
5 mA. Further, the amplitude D of the bias current for the discontinuation time need only be larger than the 
amplitude A1 of the high frequency current, but in this example is D1 = 500 mA. 

To satisfy the above-mentioned conditions, the inspection apparatus 13B has the power source circuit 

45 13B1 shown in Fig. 12. The power source circuit 13B1 has an AC power source 131 for generating a high 
frequency current of a high frequency fi = 2 MHz, a DC power source 133 for generating a DC bias 
current D1, a current addition circuit 134 for adding the high frequency current and DC bias current, a 
control circuit 132 for intermittently discontinuing the current from the current addition circuit 134 at a low 
frequency f 2 = 200 Hz, and a switching circuit 135. If the control circuit 132 deenergizes the switching 

50 circuit 135 at the off timing, current is not applied to the coil 82 and an eddy current is not generated at the 
hermetic coating 1c. 

If a high frequency current is applied to the coil 82 of the eddy current generation and inspection 
sensor 8, an eddy current is generated at the hermetic coating 1c and the coil 82 detects this. If the 
measurement values detected by the coil 2 are plotted by a recorder 14, as shown in Fig. 13, they are 
55 output as the complex impedance vector between two points ON and OFF with the phase angle e including 
information of the electrical resistance of the hermetic coating 1c. The complex plane of Fig. 13, like the 
complex impedance plane of Rg. 1 , shows the value of the real number portion of the complex impedance 
by the X axis and the value of the imaginary number portion of the complex impedance by the Y axis. 
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The output point ON at the on timing when the high frequency current is applied to the detection coil 82 
of the eddy current generation and inspection sensor 8 is not a single exact point but extends in the 
direction of the phase angle 6 due to the vibration accompanying the movement of the running hermetically 
coated optical fiber 1. 

5 When the current applied to the eddy current generation and inspection sensor 8 goes off, the output 
becomes zero, so the origin of the X-Y coordinates is returned to, so zero point correction is performed 
each time at that time. Therefore, in this embodiment, the zero point of the output can be freed of the 
effects caused by temperature drifting. 

Rgure 14 is a graph of the results of actual measurement of the phase angles e a to e d with respect to 

10 the samples a, b, and c for three types of hermetic coatings 1c with different resistances under the above 
inspection conditions. These phase angles 0 S to 0<j are the same as those shown in Table 5. The hermetic 
coatings of the samples a, b, and c were subjected to destructive tests after on-line measurement, 
whereupon they were found to have the same resistances as shown in Table 5. 

The above results show that along with an increase in the electrical resistance of the hermetic coatings 

is 1c (sample), the phase angle 9 becomes smaller and that the phase angle 9 is dependent on the electrical 
resistance of the samples. 

Therefore, by mounting a microcomputer or other computing means in the control circuit 132 of the 
inspection apparatus 13B or by connecting a microcomputer or other computing means to the control circuit 
132 for computation, it is possible to calculate the electrical resistance of the hermetic coating 1c reversely 
20 from the .measured phase angle e and further, using the above computing means, it is possible to 
automatically evaluate the state of formation of the hermetic coating 1c from the measured electrical 
resistance. 

An explanation will now be made of another embodiment which uses the eiectroconductive film 
inspection system shown in Rg. 10 for measurement by current conditions different from the above- 

25 mentioned embodiment. 

In this embodiment, as shown in Rg. 15, use is made of a high frequency fi of 3 MHz for the detection 
use current flowing to the detection coil 82 of the eddy current generation and inspection sensor 8 and the 
average intensity of the detection use current is changed at a low frequency f2 = 50 Hz. In the above 
embodiment, the high frequency current is turned on and off, but in this embodiment the amplitude is 

30 changed sinusoldally. In this example, the amplitude A2 of the high frequency current is an effective value 
of 3 mA, the amplitude A3 of the low frequency current is an effective value of 10 mA, and the DC bias 
current D2 is 20 mA. 

In this case, the inspection apparatus 13B has the power source 13B2 shown in Rg. 16. This power 
source 13B2 has an AC power source 131 of a high frequency f 3 = 3 MHz, a DC bias power source 133, 

35 an AC power source 136 of a low frequency fi = 50 Hz, and, for example, a commercial frequency power 
source and further has a circuit 134 which adds the 3 MHz current and DC bias current D2 to the AC 
current of the low frequency = 50 Hz. The added AC current is applied to the detection coil 82 of the eddy 
current generation and inspection sensor 8. In the inspection apparatus 13B too, the above-mentioned 
microcomputer-based computing means is built in or such a computing means is provided outside. 

40 In this case too, as shown in Rg. 17, if the results of the detection are plotted using the recorder 14 on 
the complex impedance plane, it Is possible to detect two eddy currents at the two points of the maximum 
amplitude and minimum amplitude of the current applied to the coil 82, but the output changes with a 
certain phase angle 9 in accordance with the resistance of the hermetic coating 1c. 

By adjusting the DC bias of the DC bias current 133, when the output point approaches the origin (zero 

45 point), it is possible to correct the line of change of the signal to pass through the zero point. Further, even 
without correction, if only the direction of the complex impedance vector, that is, the phase angle 0, is 
measured, stable measurement becomes possible without regard to drift of the zero point. 

The results of measurement of the phase angle 9 for the electrical resistances of the hermetic coatings 
1c the same as In the above embodiment are as follows: 

so 

Table 8 

Phase angle 8. of sample a 26 degrees 

Phase angle 9 b of sample b 21 degrees 

56 Phase angle 6 C of sample c 16 degrees 

These results also show that the phase angle 9 decreases along with an increase in the electrical 
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resistances of the samples and that there is a certain correlative relationship between the electrical 

resistance and the phase angle 0 of the hermetic coating 1c. 

Figure 18 shows the results of continuous measurement of the electrical resistance of the hermetic 

coating 1c in the process for forming the hermetic coating 1c of the hermetically coated optical fiber 1 
5 having the sectional structure shown in Fig. 3. The horizontal axis of Fig. 18 shows the elapse of time, while 

the vertical axis shows the magnitude of the phase angle 0. In this example, the concentration of the 

material gas is successively lowered, so the thickness of the hermetic coating 1c becomes smaller and the 

electrical resistance of the hermetic coating 1c becomes higher and as a result the phase angle 0 becomes 

successively smaller. If this method is used, it becomes possible to continuously measure the phase angle 
w 0 and, when the phase angle 0 falls out of a predetermined range, to control the material gas feed 

conditions, reaction temperature, and other conditions of formation of the hermetic coating so as to form a 

uniform hermetic coating. This will be explained later. 

Further, when investigating the case where the frequency ft of the detection use high frequency current 

was 3 MHz and the average intensity of the same was changed by a low frequency h of 100 kHz, that is, 
75 about l/30th of the above detection use current frequency of 3 MHz, the measurement precision 

conspicuously deteriorated. Therefore, from the above test results, it is desirable that the average intensity 

of the high frequency current flowing to the coil 82 be changed by a low frequency of no more than 1/1 00th 
■ of the high frequency fi. The changes in the average intensity include the intermittent turning on and off as 

shown in Fig. 11. 

20 The above embodiment was explained with respect to an example of inspection of the state of 
formation by measurement of the electrical resistance of the hermetic coating 1c continuously and on-line 
without removing of the protective plastic coating formed on the outer surface of the hermetic coating of a 
running hermetically coated optical fiber 1 and without contact with the hermetic coating 1c of the optical 
fiber during production, but the present invention can also be effectively applied to an optical fiber or other 

25 linear body when not running, i.e., in a stationary state. 

Further, the electroconductlve film inspection method of the present invention and electroconductive 
film inspection system using the same are not limited to inspected objects which are linear bodies like 
optica) fibers, but can also be used for the case of on-line, continuous inspection of the state of formation of 
magnetic films. 

30 Note that the present invention is suitable for measurement of the electrical resistance of a thin film 
conductor, but is not limited to a thin film and can be widely used for electroconductive films using eddy 
currents. 

As explained above, according to the electroconductive film inspection method and apparatus of the 
present invention, it is possible to measure the electrical resistance of an inspected object, that is, an 
35 electroconductive film, without regard to whether it is stationary or moving, in a nondestructive state, without 
contact, continuously, automatically, and stably at a high precision. 

The electrical resistance shows the state of formation of the electroconductive film. It is possible to 
evaluate on-line automatically the state of formation from the electrical resistance. 

Therefore, by using the electroconductive film inspection method of the present invention and the 
40 system thereof, it is possible to not only inspect the hermetically coated optical fiber cable after production 
but also to continuously test and evaluate, on-line, the state of formation of a hermetic coating 1c at the 
step of formation of the hermetic coating. 

Rgure 19 is a constituent view of an optical fiber production system as a first embodiment of an 
electroconductive film production process and production system using the above-mentioned electrocon- 
45 ductive film production process of the present Invention. 

The optical fiber production system is for forming an optical fiber line 1B comprised of a core 1a and a 
cladding 1b by drawing (spinning) an optical fiber preform 1A and has a drawing furnace 15 with a heater 
15A disposed therein, a reaction tube (reaction furnace) 16, a laser fiber outer diameter measurement 
apparatus 19, a plastic coating die, a capstan roller 31, a dancer roller 32, and a takeup drum 33. The 
so optical fiber production system further has a gas tank 34 filled with an inert gas used as a sealing gas or 
dilution gas, in this embodiment, nitrogen (N 2 ) gas, a gas tank 35 filled with a hermetic coating forming 
material gas, in this embodiment, acetylene (O2H2) gas, and mass flow controllers (MFC) 23 to 26 for 
controlling the flow of the same. The optical fiber production system further has an eddy current generation 
and inspection sensor 8, an electrical resistance measurement apparatus 21 for supplying high frequency 
55 current to the coil 82 of the eddy current generation and inspection sensor 8 and measuring the electrical 
resistance of the hermetic coating 1c, and a process control apparatus 22. The electrical resistance 
measurement apparatus 21 corresponds to the above-mentioned inspection apparatuses 13, 13B. etc. 

The reaction tube 16 has an upper sealing gas inlet 16A for filling the sealing gas, i.e., N 2 gas, into the 
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upper sealing zone from the nitrogen gas tank 34 and a lower sealing gas inlet 16C for filling Na gas into 
the lower sealing zone. The mass control of the sealing gas is performed by the MFC's 23 and 26. At the 
bottom of the upper sealing gas inlet 16A is provided the material gas inlet 16B. C2H2 is introduced as the 
material gas and N 2 gas as the dilution gas by these MFC 24 and MFC 25 to the reaction tube 16E. Used 
gas is discharged by an exhaust pump 8 from the discharge port 16D. 

The inside space 16E between the upper sealing gas inlet 16A and the lower sealing gas inlet 16C is 
the reaction portion 16E for forming the hermetic coating 1c. A pressure sensor 17 is provided for 
measuring the pressure of the reaction portion 16E. 

The preform 1A is drawn into a line by the drawing furnace 15 to form an optical fiber line 1B having a 
cross-section as shown in Fig. 3 and, for example, a core 1a of a diameter of 10 microns and a cladding 1b 
of an outer diameter of 125 microns formed at the outside of the core 1a. 

The optical fiber line 1B is introduced into the reaction tube 16 and the heat of the optical fiber line 1B 
itself just after being led out of the drawing furnace 15 or that heat and the heat from a heater (not shown) 
disposed outside of the reaction tube 16 are used for a heating reaction of the acetylene gas (C2H2) gas 
introduced into the reaction tube 16B so that carbon is precipitated on the surface of the cladding 1b and an 
amorphous carbon hermetic coating 1c of a thickness of 500 to 1000A is formed. The result is drawn out of 
the reaction tube 16 as the naked optical fiber line 1C. The MFC's 24 and 25 perform suitable mass (flow 
rate) control of the C2H2 gas and N2 gas so that the hermetic coating 1c is formed. 

The naked optical fiber line 1C is measured as to its outer diameter when passing through the laser 
outer diameter measurement apparatus 19. 

The optical fiber 1c passing through the laser outer diameter measurement apparatus 19 has deposited 
on it at the plastic coating die 20 a plastic coating as a protective coating 1d to form the hermetically coated 
optical fiber 1. The hermetically coated optical fiber 1 is conveyed via the capstan roller 31 and dancer 
roller 32 and taken up on a takeup drum 33. 

In the embodiment, the capstan roller 31 and dancer roller 32 have arranged between them close to the 
moving hermetically coated optical fiber 1 the eddy current generation and inspection sensor 8 which 
measures on-line the electrical resistance of the hermetic coating 1c in a noncontact state from the outside 
of the plastic coating 1d. 

The sectional structure of the eddy current generation and inspection sensor 8 is the same as the 
structure shown in Fig. 3. 

The electrical resistance measurement apparatus 21 has the same type of power source as the power 
source 13B shown in Rg. 12. The current of the waveform shown in Fig. 11 from the power source is 
applied to the coil 82 of the eddy current generation and inspection sensor 8. 

In this embodiment too, the average Intensity of the eddy current detection current, as shown in Rg. 11, 
has the frequency f 2 = 200 Hz, sufficiently smaller than the high frequency fi = 2 MHz and the high 
frequency detection current is turned on and off intermittently. The frequency of the current at the on timing 
is the high frequency fi = 2 MHz, but the amplitude is sufficiently smaller than the amplitude at the turning 
on and off. As mentioned above, the turning on and off is for detecting the eddy current at the on time and 
the eddy current at the off time and enabling accurate measurement of the phase angle of the complex 
impedance vector defined by these two points. 

The results of the measurement are the same as shown in Table 5 and Table 8. 

Rgure 20 shows the changes in the electrical resistance of the hermetic coating 1. The curve CV1 
shows the changes when the MFC 24 introduces C 2 H 2 gas into the material gas feed inlet 16B under the 
same set conditions. 

The production conditions of the optical fiber at this time are shown below: 


Temperature of drawing furnace 15 
Drawing speed 

Pressure inside reaction tube 16 
Sealing gas flow rate 
Material gas flow rate 
Dilution gas flow rate 


2100°C 
600 ra/rain 
-30 mmAq 
10 liters /min 
1 liter/min 
9 liters/min 
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Normally, the electrical resistance of the hermetic coating 1c is around 10 kilohms/cm, but the curve 
CV1 shows that even when the MFC 24 is at the same setting, the electrical resistance of the hermetic 
coating 1c increases along with the passage of time, in other words, the thickness becomes smaller. As the 
reason for this, it is believed that along with the elapse of time, carbon adheres to the inside walls of the 

5 reaction tube 16E making the tube diameter smaller and increasing the flow rate of the gas, so the amount 
of carbon adhering to the outer surface of the cladding 1b becomes smaller. 

To adjust on-line the state of formation of the above-mentioned hermetic coating 1c. in the present 
invention, the electrical resistance of the hermetic coating 1c calculated at the electrical resistance 
measurement apparatus 21 is output to the process control apparatus 22. 

w The process control apparatus 22 outputs control commands to the MFC 24 so that the electrical 
resistance becomes in a predetermined range, for example, 10 kilohms/cm. The MFC 24 reduces the flow 
rate of the C2H2 introduced from the acetylene gas tank 35 to the reaction portion 16E based on the control 
commands from the process control apparatus 22 so that an amorphous carbon coating 1c with a 
predetermined thickness is formed on the outer surface of the cladding 1b. 

15 In this way, the flow rate of the C 2 H 2 gas is controlled to maintain the electrical resistance of the 
hermetic coating 1c to about 10 kilohms/cm as shown by the curve CV2 of Fig. 20 and to make the 
thickness of the hermetic coating 1c, for example, 1000A. 

In this way, by feeding back the measured electrical resistance of the hermetic coating 1c formed by 
introducing the C2H2 gas to the control conditions of the process for forming the hermetic coating 1c. it is 

20 possible for accurately form the thickness of a hermetic coating 1c formed continuously and it is possible to 
realize excellent quality control. 

Figure 21 shows an optical fiber production system as a second embodiment of an electroconductive 
film production system for working an electroconductive film production process using the electroconductive 
film production process of the present invention. 

25 This embodiment as clear from a comparison with the construction of the optical fiber production 
system shown in Fig. 19, is comprised so that the settings of the thermostat 27 controlling the heater 15A 
are changed based on the feedback signals S22 from the process control apparatus 22. That is. this 
embodiment does not control the carbon flow rate directly as in the first embodiment, but controls the 
drawing temperature at the drawing furnace 15. 

30 Figures 22(A) to (C) show the relationship between the electrical resistance and the drawing tempera- 
ture. These figures show the drawing temperature and line speed at electrical resistances of 10, 15. and 20 
kiiohms. If the drawing temperature is reduced, the diameter of the optical fiber line 1B becomes smaller 
and the line speed becomes slower. By this, it is possible to effectively reduce the decomposition 
temperature of the material gas. Further, as mentioned with reference to the first embodiment, the electrical 

35 resistance rises due to the changes in the reaction tube 16E, so in the individual set conditions, the drawing 
temperature is gradually raised so that the electrical resistance of the hermetic coating 1c is constant. 

In the working of this invention, it is possible to combine the above first embodiment and second 
embodiment. 

Further, in Rg. 19 and Fig. 21, the eddy current generation and inspection sensor 8 may be placed 
40 between the plastic coating die 20 and capstan roller 31. Further, in the present invention, the eddy current 
generation and inspection sensor 8 and the hermetic coating 1c do not contact each other, so may be 
placed between a laser outer diameter measurement apparatus 19 and plastic coating die 20 making it 
possible to measure the electrical resistance of the hermetic coating 1c as well. 

Further, the high frequency current applied to the eddy current generation and inspection sensor 8 may 
45 be that shown in the above-mentioned Rg. 11 and in addition the current shown in Rg. 15 may be applied. 

The current waveform of Rg. 15, as mentioned above, is one formed by using 3 MHz as the frequency 
fi of the detection use current flowing to the eddy current generation and inspection sensor 8 and changing 
the average Intensity of the detection use current by the low frequency f2 a 50 Hz. In this embodiment too. 
the amplitude A2 of the high frequency current is an effective value of 3 mA, the amplitude A3 of the low 
50 frequency current is an effective value of 10 mA, and the DC bias current D2 is 20 mA. 

An explanation will now be made of another embodiment for measuring the electrical resistance of the 
hermetic coating 1c without contact and on-line. 

Rgure 23 shows the partial constitution of the optical fiber production system shown in Fig. 19 and Rg. 
21. In this embodiment, the electrical resistance measurement apparatus 21 causes vibration of a vibration 
55 stage 28 disposed between a capstan roller 31 and dancer roller 32 at a vibration frequency of a low 
vibration frequency = 200 Hz or so, about 1/1 00th of the high frequency current generating an eddy 
current so as to cause vibration of the eddy current generation and inspection sensor 8 carried on a 
carrying stage 28 near the moving hermetically coated optical fiber 1. This vibration substantially equiv- 
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alently changes the average power by adding the above-mentioned high frequency current to the low 
frequency current. Therefore, it is possible by this method too to accurately measure without contact and 
on-line the electrical resistance of the hermetic coating 1c in the moving hermetically coated optical fiber 1. 
Note that the eddy current generation and inspection sensor 8 may also be fixed in place and a moving 
5 hermetically coated optical fiber 1 made to vibrate with respect to the eddy current generation and 
inspection sensor 8. 

The above embodiment illustrated the case of forming an amorphous carbon coating as the hermetic 
coating, but the process and apparatus of the present invention mentioned above may be applied to any 
electroconductive coating. Therefore, for example, it is possible to use the present invention for the 

to production of cables etc. having electroconductive coatings such as aluminum. 

As explained above, according to the electroconductive film production process and the electroconduc- 
tive film production system of the present invention, it is possible to measure without contact and on-line 
the electrical resistance of an electroconductive film, such as the electroconductive hermetic coating in a 
moving hermetically coated optical fiber, and possible to feed back the results to the process for forming 

is the electroconductive film, so it is possible to form an electroconductive film satisfying predetermined 
conditions without the influence of changes of the conditions for forming the electroconductive film and 
possible to prevent in advance the occurrence of defective products. 

An explanation will be made of a method and system for inspection of the state of formation of an 
electroconductive film as still another embodiment of the present invention. 

20 In the field of semiconductors, use is made of a high resistance semiconductor substrate (wafer) on 
which is grown by chemical vapor deposition or other processes an electroconductive layer doped with 
impurities and on which is formed electronic devices and optical devices. In the use of these, it is important 
how many devices of the same quality are formed from a single substrate. Therefore, it is required that the 
thickness and the electrical characteristics be uniform over the entire substrate. In actuality, however, there 

25 are variations in the thickness and electrical properties and the quality of the substrate as a whole is 
determined by them. 

In the past, a large number of substrates of the same lot were used to simultaneously produce film 
covered substrates and then certain substrates were sampled out of them and destroyed for inspection and 
analysis of the thickness and electrical characteristics, with the results of the inspection and analysis used 

30 to estimate the quality of the substrates in the lot as a whole. Sometimes, however, there were substrates 
which did not reach the standards of quality and such inferior quality of substrates could not be detected. If 
a transparent member like a display glass plate, optical measurement of the thickness is possible, but it 
was impossible to measure the electrical characteristics such as the electrical resistance. 
This situation was the same for magnetic films. 

35 (n a method and system for inspection of the state of formation of an electroconductive film of the 
present invention, in the same way as with the evaluation of the thickness of the hermetic coating of an 
optical device mentioned above, an eddy current is generated in the above-mentioned semiconductor 
substrate film or magnetic film in a noncontact state and the eddy current is measured to measure the 
electrical resistance of the film. When measuring the electrical resistance of the film, the eddy current 

40 generation and inspection sensor is run in a noncontact state in two-dimensions or the film being inspected 
is run in a non-amorphous contact state In two-dimensions with respect to a fixed eddy current generation 
and inspection sensor for measurement over the entire film. 

Figure 24 shows a constitutional view of an embodiment of a system for inspection of the state of 
formation of an electroconductive film of the present invention. In the formation state inspection system of 

45 an electroconductive film, use Is made of the above-mentioned inspection apparatus 13, recorder 14, and 
eddy current generation and inspection sensor 8 so as to measure the electrical resistance of the active 
layer 42 formed on the surface of a wafer 42 placed on a moving stage 45. 

The moving stage 45, as shown in Fig. 25, is moved in the direction A1, is moved in the direction B a 
predetermined distance, and is moved In the direction A2 reverse to the direction A1. This movement 

so operation is repeated so that the entire surface of the active layer 42 is swept. The movement distance in 
the direction B is made a distance sufficient for generation and detection of the eddy current The 
movement of the moving stage 45 is controlled using a microcomputer in the inspection apparatus 13. 

In this embodiment too, the phase angle 0 of the complex impedance vector showing the thickness and 
electrical resistance at a position of the active layer 42 detected by the eddy current generation and 

55 inspection sensor 8 in the process of movement of the moving stage 45 becomes as shown in Fig. 13 and 
is recorded in the recorder 14. 

In this embodiment, the distance t3 between the eddy current generation and inspection sensor 8 and 
active layer 42 is 500 microns, the thickness t2 of the active layer 42 is 0.5 micron, and the thickness t1 of 
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tho wafer 41 is 0.4 mm. Note that the amplitude between the two points changes depending on the distance 
t3 between the eddy current generation and inspection sensor 8 and the active layer 42. 
Figure 26 and Fig. 27 show graphs based on the present embodiment. 

Figure 26 shows the changes (vertical axis) in the phase angle 0 when growing on a GaAs substrate 
5 used as the wafer 41 a nondoped GaAs, AIGaAs film as an active layer 42, then growing sulfur S-doped 
gaAs to 0.5 micron and changing the concentration of impurities (horizontal axis) to 1 x I0 17 cm~ 3 . 2 x 
10 17 cm~ 3 , and 3 x 10 17 cnr 3 . The higher the concentration of impurities, the smaller the relative resistance 
of the semiconductor and as a result the smaller the resistance and the larger the phase angle 10 e. Figure 
27 shows the changes (vertical axis) of the phase angle $ when fixing the concentration of impurities to 2 x 
w 10 ,7 cm~ 3 and changing the thickness t2 (horizontal axis) to 0.4 micron, 0.5 micron, and 0.6 micron. The 
larger the thickness t2 t the smaller the resistance in the surface direction and the larger the value of the 
phase angle $ . The above results are calculated by the inspection apparatus 13. Therefore, in the 
inspection apparatus 13, it is possible to determine the thickness of the active layer 42 and the 
concentration of inpurities. 

is The wafer temperature has an effect on the concentration of the dopant and the distribution of thickness 
and in particular has a large effect on the concentration of the dopant. Therefore, even if the thickness 
distribution is constant, a spread appears in the concentration of the dopant. The graph of Fig. 28 shows 
this feature. In the figure, the horizontal axis shows the wafer position and the vertical axis the phase angle 
$ . The thickness t2 of the wafer is fixed at 0.5 micron. The curves CV11 and CV12 show the changes in 

20 the phase angle $ due to the change of the concentration of impurities n1 and n2. Further, the phase angle 
$ changes depending on the wafer position. By scanning the wafer as a whole by the sensor 8, it is 
possible to evaluate overall that wafer. 

Note that in the above embodiment, instead of moving the moving stage 45, it is possible to move the 
eddy current generation and inspection sensor 8 as shown in Fig. 25 and scan the active layer 42 as a 

25 whole. 

In the above embodiment the explanation was made of an example of formation of an active layer 42 
on the wafer 41, but similar results were obtained in the case of measurement of the resistance of an ITO 
film doped with SnC>2 and on a glass plate. 

In the above embodiment, it was not attempted to change the distance t3 between the eddy current 

30 generation and inspection sensor 8 and the active layer 42. Further, no change was made in the average 
intensity of the high frequency current applied to the eddy current generation and inspection sensor 8 
through the inspection apparatus 13. 

When measuring at a high density with the distance of measurement on the plane of the active 42 
being made smaller, the measurement time sometimes is a long time of from several minutes to several 

as tens of minutes. In such long time measurement, the problem sometimes occurs in the high frequency 
electrical system of the inspection apparatus 13 of zero drift due to temperature changes etc. If the 
measurement values in this case are plotted, the result becomes as shown in Rg. 1. To eliminate the 
problem of drift, as mentioned above, the distance between the eddy current generation and inspection 
sensor 8 and the active layer 42 is changed at a period sufficiently lower than the high frequency of the 

40 high frequency current applied to the eddy current generation and or the average intensity of the high 
frequency current applied to the eddy current generation and inspection sensor 8 is changed at a low 
frequency. Therefore, the inspection apparatus 13 is constructed as explained above. 

Claims 

45 

1. An electroconductive film inspection method comprising: 

a step of changing an average intensity of a magnetic field of a frequency sufficiently high to 
generate an eddy current at an electroconductive film (1c,42) being inspected by a frequency 
sufficiently lower than the high frequency of the high frequency magnetic field and applying said high 
50 frequency magnetic field from near said electroconductive film (1c,42) to said electroconductive film 
(1c,42) to generate eddy current at said electroconductive film (1c,42); 

a step of detecting the eddy current generated at said electroconductive film (1c,42); and 
a step of calculating an electrical resistance of said electroconductive film (1c,42) corresponding to 
a phase angle of a complex impedance vector based on said detected eddy current 

55 

2. An electroconductive film inspection method as set forth in claim 1 , wherein a DC bias current is added 
to said high frequency current for generating the high frequency magnetic field and the high frequency 
current added with the said bias current is turned on and off at said low frequency to change said 
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average Intensity. 

3. An electroconductive film inspection method as set forth in claim 1, wherein a DC bias current Is added 
to said high frequency current for generating the high frequency magnetic field and further an AC 

5 current of said low frequency having a predetermined amplitude is added to change said average 
intensity. 

4. An electroconductive film inspection method as set forth in claim 1, wherein a member (1a,1b;41) 
supporting said electroconductive film (1c,42) is made to vibrate at said low frequency and a distance 

to between an eddy current generation and inspection coi! (82) arranged near said electroconductive film 
(1c,42) and said electroconductive film (1c,42) is changed by said low frequency. 

& An electroconductive film inspection method as set forth in claim 1, wherein said high frequency 
current for generating the high frequency magnetic field is applied to an eddy current generation and 
75 inspection coil (82) arranged near said electroconductive film (1c,42) and the distance between coil (82) 
and said electroconductive film (1c,42) is changed by a vibration frequency of said low frequency. 

6. An electroconductive film inspection method as set forth in claim 1, wherein said electroconductive film 
(1c) is an electroconductive hermetic coating formed on an outer surface of a cladding (1b) of an 

20 optical fiber line (1B) having a core (1a) and a cladding (1b). 

7. An electroconductive film inspection method as set forth in claim 5, wherein said hermetic coating (1c), 
has a thickness of about 500 to 1000A and has' an electrical resistance of about several to several tens 
of kilohms/cm and 

25 the frequency of said high frequency current is about 1 to 5 MHz. 

8. An electroconductive film inspection method as set forth in claim 7, wherein said sufficiently low 
frequency Is not more than about 1/100th of said frequency sufficiently high to generate an eddy 
current. 

30 

9. An electroconductive film inspection method as set forth in claim 8, wherein measurement of the 
electrical resistance of said hermetic coating (1c) is performed from the outside of a protective coating 
(1d) formed on the outside of said hermetic coating (1c). 

35 10. An electroconductive film inspection method as set forth in claim 9, wherein measurement of the 
electrical resistance of said hermetic coating (1c) is performed continuously in a process of movement 
of an optical fiber (1) having said hermetic coating (1c). 

11. An electroconductive film inspection method as set forth In claim 9, wherein measurement of the 
40 electrical resistance of said hermetic coating (1c) is performed in a stationary state of an optical fiber 

(1) having said hermetic coating (1c) 

12. An electroconductive film inspection method as set forth in claim 1, wherein said electroconductive film 
(42) is a magnetic film. 

45 

13. An electroconductive film inspection method as set forth in claim 1, which further has a step of 
evaluating a state of formation of said electroconductive film (1c) from said calculated electrical 
resistance. 

so 14. An electroconductive film inspection system provided with: 

an eddy current generation and detection sensor (8,8A,8A1) arranged near an electroconductive 
film (lc,42) to be inspected; 

a high frequency power source (131) which generates a high frequency current of a frequency 
sufficiently high for generating an eddy current at said electroconductive film (1c,42) and which applies 
55 it to said eddy current generation and detection sensor (8.8A.8A1); 

an average intensity changing means which applies the high frequency current from said high 
frequency power source (131) to said eddy current generation and detection sensor (8.8A.8A1) while 
changing the average intensity thereof by a frequency sufficiently lower than the frequency of the high 
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frequency current; and 

a means (21) for calculating the electrical resistance of said electroconductive film (1c,42) from the 
eddy current detected by said eddy current generation and detection sensor (8.8A.8A1). 

5 15. An electroconductive film inspection system as set forth In claim 14, wherein said average intensity 
changing means has a DC bias power source (133) for generating a DC bias current for biasing said 
high frequency current, a circuit (134) for adding said DC bias current to said high frequency current, 
and a switching mean (135) for turning on and off the biased high frequency current from said addition 
circuit (134) by said sufficiently low frequency. 

10 

16. An electroconductive film inspection system as set forth in claim 14, wherein said average intensity 
changing means has a DC bias power source (133) for generating a DC bias current for biasing said 
high frequency current a low frequency power source (136) for generating an AC current of said 
sufficiently low frequency and having a predetermined amplitude, and a circuit (134) for adding the high 

75 frequency current from said high frequency power source (131), the DC bias current from said DC bias 
power source (133), and a low frequency current from said low frequency power source (136). 

17. An electroconductive film inspection system as set forth in claim 14, wherein said average intensity 
changing means has a vibration means (7.7A) for changing a distance between said eddy current 

20 generation and detection sensor (8.8A.8A1) and said electroconductive film (1c,42) by said sufficiently 
low frequency. 

18. An electroconductive film inspection system as set forth in claim 16, wherein said vibration means 
(7.7A) has a means for vibrating said eddy current generation and detection sensor (8.8A.8A1) to 

25 change a distance with said electroconductive film (ic,42). 

19. An electroconductive film inspection system as set forth in claim 16, wherein said vibration means 
(7.7A) has a means for vibrating said electroconductive film (1c,42) to change a distance with said eddy 
current generation and detection sensor (8.8A.8A1). 

30 

20. An electroconductive film inspection system as set forth in claim 14, wherein said means for calculating 
the electrical resistance has a computer. 

21. An electroconductive film inspection system as set forth In claim 14, wherein said electroconductive 
35 film is an electroconductive hermetic coating (1c) formed on said surface of the cladding (1b) of an 

optical fiber line (1B) having a core (1a) and cladding (1b). 

22. An electroconductive film inspection system as set forth in claim 21, wherein said hermetic coating (1c) 
has a thickness of about 500 to 1000A and has an electrical resistance of about several to several tens 

40 of kildhms/cm and 

the frequency of said high frequency current is about 1 to 5 MHz. 

23. An electroconductive film inspection system as set forth in claim 22, wherein said sufficiently low 
frequency is not more than about 1/1 00th of said frequency sufficiently high for generating an eddy 

as current 

24. An electroconductive film inspection system as set forth in claim 14, wherein said electroconductive 
film (42) is a magnetic film. 

50 25. A production process for an optical fiber (1) having 

a step of forming an optical fiber line (IB) having a core (1a) and a cladding (1b); 
a step of forming an electroconductive hermetic coating (1c) on the surface of said cladding (1b); 
a step of changing the average intensity of the high frequency magnetic field of a frequency 
sufficiently high for generating an eddy current close to said hermetic coating (1c) by a frequency 
55 sufficiently lower than the frequency of said high frequency magnetic field and of applying said 
changed magnetic field from near said hermetic coating (1c) to said hermetic coating (1c); 
a step of detecting the eddy current generated at said hermetic coating (1c); 
a step of calculating the electrical resistance of said hermetic coating (1c) corresponding to a 
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phase angle of a complex impedance vector from said detected eddy current; and 

a step of adjusting the hermetic coating forming conditions at said hermetic coating forming step 
based on said calculated electrical resistance. 

5 26. A production process for an optical fiber as set forth in claim 25 wherein said adjustment of the • 
hermetic coating forming conditions is adjustment of the amount of hermetic coating forming material 
gas introduced. 

27. A production process for an optical fiber as set forth in claim 25, wherein said adjustment of the 
to hermetic coating forming conditions is adjustment of the hermetic coating forming temperature. 

28. A production process for an optical fiber as set forth in claim 25, wherein said adjustment of the 
hermetic coating forming conditions is adjustment of the amount of the hermetic coating forming 
material gas introduced and the hermetic coating forming temperature. 

15 

29. A production process for an optical fiber as set forth in claim 25, wherein a DC bias current Is added to 
said high frequency current and the said added current is turned on and off by said low frequency to 
change said average intensity. 

20 30. A production process for an optical fiber as set forth in claim 25, wherein a DC bias current is added to 
said high frequency current and further an AC current of said low frequency having a predetermined 
amplitude is added to change said average intensity. 

31. A production process for an optical fiber as set forth in claim 25, wherein said high frequency current is 
25 applied to an eddy current generation and direction sensor (8,8A,8A1) arranged near said electrocon- 

ductive film <1c,42) and a distance between said coil (82) and said electroconductive film (1c,42) is 
changed by a vibration frequency of said low frequency. 

32. A production process for an optical fiber as set forth in claim 25, wherein the electrical resistance of 
30 said hermetic coating (1c) is calculated continuously in the state of movement of the optical fiber (1) 

having said hermetic coating (1c) and adjustment of the hermetic coating forming conditions is 
performed on-line, 

33. A production process for an optical fiber as set forth in claim 25, wherein said hermetic coating (1c) has 
35 a thickness of about 500 to 1000A and has an electrical resistance of about several to several tens of 

kilohms/cm and 

the frequency of said high frequency current is about 1 to 5 MHz. 

34. A production process for an optical fiber as set forth in claim 33, wherein said sufficiently low frequency 
40 is not more than about 1/1 00th of said frequency sufficiently high for generating an eddy current. 

35. A production process for an optical fiber as set forth in claim 33, which further has a step of forming a 
protective coating (1d) on the outer surface of said hermetic coating (1c) and 

the measurement of the electrical resistance of said hermetic coating (1c) is performed from the 
45 outside of said protective coating (Id). 

36. A production process for an optical fiber as set forth in claim 25, wherein said step of measuring the 
electrical resistance of the hermetic coating (1c) to said step of adjusting the hermetic coating forming 
conditions are performed continuously and on-line. 

50 

37. A production system for an optical fiber having 

a drawing furnace (15) for drawing an optical fiber material and forming an optical fiber line (1B) 
having a core (1a) and a cladding (1b); 

a reaction furnace (16) which is arranged after the drawing furnace (15), has introduced in it a 
55 hermetic coating forming material gas and the drawn optical fiber line (1B), has a thermal decomposi- 
tion reaction which precipitates said material gas on the surface of the cladding (1b) of the introduced 
optical fiber line (1B), and thus forms an electroconductive hermetic coating (1c); 

an eddy current generation and detection sensor (8.8A.8A1) arranged near said hermetic coating 
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(1c). 

a high frequency power source (131) for generating a current which is applied to said eddy current 
generation and detection sensor (8.8A.8A1) and is of a frequency sufficiently high for generating an 
eddy current at said hermetic coating (1c); 
5 an average intensity changing means for applying said high frequency current from the high 

frequency power source (131) to said eddy current generation and detection sensor (8.8A.8A1) while 
changing the average intensity by a frequency sufficiently lower than the frequency of the high 
frequency current; 

a means (21) for calculating the electrical resistance of said hermetic coating (1c) from the eddy 
io current detected by said eddy current generation and detection sensor (8.8A.8A1); and 

a control means for adjusting the said hermetic coating forming conditions based on the electrical 
resistance from said electrical resistance calculating means (21). 

3a A production system for an optical fiber as set forth in claim 37, wherein said adjustment of the 
is hermetic coating forming conditions is adjustment of the amount of hermetic coating forming material 
gas introduced to said reaction furnace (16). 

39. A production system for an optical fiber as set forth in claim 37, wherein said adjustment of the 
hermetic coating forming conditions is adjustment of the temperature of the said drawing furnace (15) 

20 and/or said reaction furnace (16) to adjust the hermetic coating forming temperature. 

40. A production system for an optical fiber as set forth in claim 37, wherein said adjustment of the 
hermetic coating forming conditions is adjustment of the amount of the hermetic coating forming 
material gas introduced to said reaction furnace (16) and the hermetic coating forming temperature of 

25 said drawing furnace (15) and/or said reaction furnace (16). 

41. A production system for an optical fiber as set forth in claim 37, wherein said average intensity 
changing means a DC bias power source (133) for generating a DC bias current for biasing said high 
frequency current, a circuit (134) for adding said DC bias current to said high frequency current, and a 

30 switching means (135) for turning on and off the biased high frequency current by said addition circuit 
(134) by said sufficiently low frequency. 

42. A production system for an optical fiber as set forth in claim 37, wherein said average intensity 
changing means has a DC bias power source (133) for generating a DC bias current for biasing said 

35 high frequency current, a low frequency power source (136) for generating an AC current of said 
sufficiently low frequency and having a predetermined amplitude, and a circuit (134) for adding the high 
frequency current from said high frequency power source (131), the DC bias current from said DC bias 
power source (133), and a low frequency current from said low frequency power source (136). 

40 43. A production system for an optical fiber as set forth in claim 37, wherein said average intensity 
changing means has a vibration means (7.7A) for changing a distance between said eddy current 
generation and detection sensor (8,8A,8A1) and said electroconductive film (1c,42) by said sufficiently 
low frequency. 

45 44. A production system for an optical fiber as set forth in claim 43, wherein said vibration means (7.7A) 
has a means for vibrating said eddy current generation and detection sensor (8.8A.8A1) with respect to 
said electroconductive film (1c,42) to change a distance between said electroconductive film (1c,42) 
and said eddy current generation and inspection sensor (8.8A.8A1). 

so 45, A production system for an optical fiber as set forth in claim 43. wherein said vibration means (7.7A) 
has a means for vibrating said electroconductive film (1c.42) with respect to said eddy current 
generation and detection sensor (8,8A,8A1) to change a distance between said electroconductive film 
(1c,42) and said eddy current generation and inspection sensor (8,8A,8A1). 

55 46. A production system for an optical fiber as set forth in claim 37, wherein said means for calculating the 
electrical resistance has a computer. 

47. A production system for an optical fiber as set forth in claim 37, which further has a means (20) for 
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forming a protective coating (1d) on the outer surface of said hermetic coating (1c). 

48. A method for adjustment of conditions for forming a hermetic coating (1c) of an optical fiber (1) in a 
process for production of an optical fiber (1) by forming an optical fiber line (1B) having a code (1a) and 

5 a cladding (1b) and forming an electroconductive hermetic coating (1c) on the surface of said cladding 
(1b), said method having 

a step of changing the average intensity of a high frequency magnetic field of a frequency 
sufficiently high for generating an eddy current close to said hermetic coating (1c) by a frequency 
sufficiently lower than the frequency of said high frequency magnetic field and of applying said 
w changed magnetic field from near said hermetic coating (1c) to said hermetic coating (1c); 
a step of detecting the eddy current generated at said hermetic coating (1c); 
a step of calculating the electrical resistance of said hermetic coating (1c) corresponding to a 
phase angle of a complex impedance vector from said detected eddy current; and 

a step of adjusting the hermetic coating forming conditions at said hermetic coating forming step 
75 based on said calculated electrical resistance. 

49. A method for adjustment of conditions for forming a hermetic coating (1c) of an optical fiber (1) as set 
forth in claim 48, wherein said step of measuring the electrical resistance of the hermetic coating (1c) 
to said step of adjusting the hermetic coating forming conditions are performed continuously and on- 

20 line. 

50. A system for adjustment of conditions for forming a hermetic coating (1c) of an optical fiber (1) in a 
system for production of an optical fiber (1) by drawing an optical fiber material and forming an optical 
fiber line (1B) having a core (1a) and a cladding (1b) and forming an electroconductive eddy current on 

25 the surface of the cladding (1b) of the optical fiber line (1B), said system having: 

an eddy current generation and detection sensor arranged (8,8A,8A1) near said hermetic coating; 
a high frequency power source (131) for generating a current which is applied to said eddy current 
generation and detection sensor (8,8A.8A1) and is of a frequency sufficiently high for generating an 
eddy current at said hermetic coating (1c); 
30 an average intensity changing means for applying said high frequency current from the high 

frequency power source (131) to said eddy current generation and detection sensor (S,8A,8A1) while 
changing the average intensity by a frequency sufficiently lower than the frequency of the high 
frequency current; 

a means (21) for calculating the electrical resistance of said hermetic coating (1c) from the eddy 
36 current detected by said eddy current generation and detection sensor (8,8A,8A1 ); and 

a control means for adjusting the said hermetic coating forming conditions based on the electrical 
resistance from said electrical resistance calculating means (21). 

51. An electroconductive film inspection method which causes to be generated an eddy current in a 
40 noncontact state at an electroconductive film (1c,42) formed on a substrate (1a,1b;41), detects the eddy 

current generated, and inspects the state of formation of the electroconductive film (1c, 42) from the 
phase angle of the complex impedance vector calculated from the detection values. 

52. An electroconductive film inspection method as set forth in claim 51, wherein said electroconductive 
45 film (42) is a film which spreads out on a plane and said eddy current generation and inspection sensor 

(8) is made to scan the surface of the said electroconductive film (42) two-dimensionally to enable 
inspection of the state of formation over the entire electroconductive film (42). 

53. An electroconductive film inspection method as set forth in claim 51, wherein said eddy current 
so generation and inspection means (8,8A,8A1) causes to be changed an average intensity of a magnetic 

field of a frequency sufficiently high for generating an eddy current at said electroconductive film 
(1c,42) by a frequency sufficiently lower than the high frequency of said high frequency magnetic field 
and said high frequency magnetic field is applied from near said electroconductive film (1c,42) to said 
electroconductive film (1c,42). 

56 

54. An electroconductive film inspection method as set forth in claim 53, wherein a DC bias current is 
added to the high frequency current generating the said high frequency magnetic field and the high 
frequency current with the bias current added to it Is turned on and off by said low frequency to change 
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said average intensity. 

55. An electroconductive film inspection method as set forth in claim 53. wherein a DC bias current is 
added to the high frequency current generating the said high frequency magnetic field, an AC current 

5 having a predetermined amplitude and low frequency is added, and said average intensity is changed. 

56. An electroconductive film inspection method as set forth in claim 51, wherein a distance between said 
electroconductive film (1c,42) and said eddy current generation and inspection sensor (8,8A,8A1) is 
made to be changed by a frequency sufficiently lower than the frequency of said eddy current 

to generation high frequency current 

57. An electroconductive film inspection method as set forth in claim 51, wherein said electroconductive 
film (42) is an electroconductive active layer formed on a semiconductor wafer (41). 

75 6& An electroconductive film inspection method as set forth in claim 51, wherein said electroconductive 
film is an electroconductive film formed on a glass substrate. 

59. A formation state inspection system as set forth in claim 51, which is provided with 

a means for generating an eddy current in a noncontact state at an electroconductive film (1c,42) 
20 formed on a substrate and 

a means for calculating a phase angle of a complex impedance vector calculated from the 
detection values so as to inspect the state of formation of the electroconductive film. 

60. A formation state inspection system as set forth in claim 59, wherein 

25 said eddy current generation and detection means has an eddy current generation and inspection 

sensor (8,8A,8A1) and a means which makes said eddy current generation and inspection sensor scan 
the surface of said electroconductive film (1c,42) two-dimensionally and 

inspection of the state of formation over the entire electroconductive film (1c,42) is made possible. 

30 61. A formation state inspection system as set forth in claim 60, wherein said formation state inspection 
means causes said eddy current generation and inspection sensor (8,8A,8A1) to change an average 
intensity of a magnetic field of a frequency sufficiently high for generating an eddy current at said 
electroconductive film (1c,42) by a frequency sufficiently lower than the high frequency of said high 
frequency magnetic field and apply said high frequency magnetic field from near said electroconduc- 

35 five film (1c,42) to said electroconductive film (1c,42) to cause an eddy current to be generated at said 
electroconductive film (1c,42). 

62. A formation state inspection system as set forth in claim 61, wherein said means for changing the 
average intensity of the high frequency current adds the DC bias current to the high frequency current 

40 caused to generate the high frequency magnetic field and changes the average intensity by turning on 
and off at the above low frequency the high frequency current to which the bias current has been 
added. 

63. A formation state inspection system as set forth in claim 61, wherein the means for changing the 
45 average intensity of the high frequency current adds the DC bias current to the high frequency current 

caused to generate the high frequency magnetic field and further adds an AC current having a 
predetermined amplitude and of a low frequency to change the average intensity. 

64. A formation state inspection system as set forth in claim 61, wherein said eddy current generation and 
50 inspection means causes to be changed by a frequency sufficiently lower than the frequency of the 

high frequency current for generation of said eddy current the distance between said electroconductive 
film (1c,42) and said eddy current generation and inspection sensor (8.8A.8A1). 

65. A formation state inspection system as set forth In claim 60, wherein said electroconductive film is an 
55 electroconductive active layer (42) formed on a semiconductor wafer (41). 

66. A formation state inspection system as set forth in claim 51, wherein said electroconductive film is an 
electroconductive film formed on a glass substrate. 
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